Visualization of ribonucleotide reductase catalytic oxidation establishes thioredoxins as its major reductants in yeast.
Thioredoxins and/or glutaredoxins assist ribonucleotide reductase, and other such enzymes that require disulfide bond reduction during their catalytic cycle. In Saccharomyces cerevisiae, the presence of either pathway is essential but which of these pathways operates in ribonucleotide reductase reduction and how this function contributes to the pathways' essential nature have not been definitively established. We have identified two in vivo redox forms of the S. cerevisiae ribonucleotide reductase R1 subunit, which correspond to catalytically reduced or oxidized enzymes. Cells lacking thioredoxins, which exhibit an elongated S phase, accumulate R1 in its oxidized form and also contain significantly decreased deoxyribonucleotide levels during the S phase. Overexpressing R1 in these cells increases both the amount of the R1 reduced form and the concentrations of deoxyribonucleotides and accelerates DNA replication. These results establish thioredoxins as the major RNR reducing system in yeast and indicate that impaired RNR reduction accounts for the S phase defects of thioredoxin-deficient cells.